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® Method and apparatus for detecting and counteracting a deformation of the stock discharge gap in a headbox of a paper 
machine. 

@ The invention relates to a method and an apparatus for ' 
detecting and counteracting a deformation of the stock dis- 
charge gap (6) in a paper machine headbox, which is caused 
by thermal expansion due to the temperature of the stock 
and/or the pressure of the stock. This is achieved by ultrasonic 
transducers (7; 9, 10; 20*22) located close to the slice opening 
(6) which obtain measurement results relating to the distance 
between the roof member (1 ) and the apron beam member (2) 
of the headbox. At least two such transducers, one (20) pref- 
erably located close to a side wall (23) of the discharge gap (6) 
and the other (21) preferably located midway between the 
side walls (23, 24), give Information about a possible differ- 
ence between the measurement results caused by the defor- 
mation. This difference serves as a guide for adjusting the 
temperature of the epron beam member (2) and/or the roof 
member (1), in such a way that the deformation is reduced in 
magnitude or entirely eliminated. 
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Method and apparatus for detecting and counteracting a deformation of 
the stock discharge gap in a headbox of a paper machine 

The present invention relates to a method and an apparatus for detecting 
and counteracting a deformation of the stock discharge gap in a headbox 
of a paper machine during its operation. The headbox includes a roof 
member and an apron beam member which cooperate to define the stock 
5 discharge gap therebetween. 

Headboxes are included in the wet end of a paper machine and are used 
to distribute the stock uniformly over the width of the wire and for 
controlling the rate of discharge so that the stock is deposited onto 

10 the wire at equal velocities and in the same direction along the whole 
width of the wire. Demands for higher manufacturing velocities in 
/paper machines cause increased problems with producing a paper web of 
satisfactory quality in respect of, inter alia , a uniform basis weight. 
Therefore, it is of great importance to keep the shape of the slice 

15 opening constant and under careful control so that the discharged stock 
jet will be uniform with respect to velocity and thickness and so that 
as a consequence thereof optimum dry weight and moisture profiles of 
the paper web are obtained. 

20 A number of parameters may influence the shape of the discharge gap. 
For example, the pressure of the stock in the headbox can cause a 
deflection in the central portion of the lips and result in an increased 
basis weight in this area. In accordance with U.S. Patent No. 3,468,756 
(Villa), such a deflection is counteracted by heating the support beam 

,25 directly beneath the lower lip and/or by cooling the lower portion 
of the frame included in the apron beam in such a manner that the 
deflection of the lower lip is counteracted. This correction is based 
on a theoretical calculation of the deflection, and the patent fails to 
provide any apparatus or method by which the actual deflection of the 

30 lip may be determined while the machine is in operation. U.S. Patent No. 
3,994,773 (Wolf et al.) discloses an apparatus for indirectly detecting 
the deflection of the upper lip of a headbox by measuring a displacement 
between measuring elements mounted on top of the lip. The measuring 
method disclosed in this patent provides an approximate result as to the 
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deflection, which Is then counteracted by adjusting spindles supporting 
the upper side of the lip. Similarly, U.S. Patent No. 4,342,619 (Gladh) 
discloses an apparatus for detecting the deflection of a profile bar 
mounted on the upper slice lip. However, neither Wolf et al. nor Gladh 
5 provides an apparatus for detecting or correcting relative displace- 
ments between both lips. 

An object of the present invention is to provide more accurate detection 
and counteraction of a deformation in the shape of the stock discharge 
10 gap than that which has been achievable previously. 

In accordance with the present Invention, ultrasonic transducer means 
are employed for directly measuring the size of the stock discharge 
gap. At least two such transducer means are used, one preferably 

15 located close to one end of the discharge gap, another preferably 

located toward the middle of the gap opening. From the transducer means, 
a difference between the measurement results at the two locations is 
obtained, which represents an actual deflection of the apron and roof 
members which define the stock discharge gap. This difference will 

20 give guidance as to a heating or a cooling of the roof member or the 
apron beam member or both in such a manner that the deformation is 
counteracted. 

Thus, in one aspect, the present invention provides a method for 
25 detecting and counteracting deformation of a stock discharge gap defined 
between an apron beam member and a cooperating roof member in the head- 
box of a paper machine, characterised by: 

(a) ultrasonically measuring the stock discharge gap between the 
30 apron beam member and the roof member at at least two locations 

along the length of the stock discharge gap; 



35 



(b) obtaining the difference between the measurement results for 
at least two locations along the length of the stock discharge 
gap; and 
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(c) adjusting the temperature of at least one of said apron beam 
member and roof member in response to the obtained difference 
in measurement results so as to reduce the magnitude of any 
deformation in the stock discharge gap. 

The present invention also provides an apparatus for detecting and 
counteracting deformation of a stock discharge gap in the headbox of 
a paper machine, said headbox having stock delivery means including 
an apron beam member and a roof member, positioned 1n spaced apart 
relation and cooperating to define a stock discharge gap therebetween, 
said apparatus being characterised by: 

(a) at least two ultrasonic transducer means mounted in said members 
at different locations along the length of the stock discharge 
gap, each being positioned for transmitting ultrasonic pulses 

to the oppositely positioned member and to thereby measure the 
stock discharge gap at such location; 

(b) control means connected to each of said transducer means and 
operable for obtaining the difference between the measurement 
results for at least two locations along the length of the 
stock discharge gap; and 

(c) temperature adjusting means operatively connected to said 
control means and responsive to the obtained difference in 
measurement results for adjusting the temperature of at least 
one of said apron beam member and roof member so as to reduce 
the magnitude of any deformation in the stock discharge gap. 

In comparison with previously available methods, a method and an 
apparatus according to the present invention have considerable advantages. 
By directly measuring the size of the stock discharge gap, a more exact 
measurement result is obtained than if the measurement is carried out 
Indirectly on elements above or below the gap, since such indirect 
measurements can never describe the same mutual movement, i.e., 
displacement, as that of the lips. An additional advantage of the 
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Invention is realized In that the obtained difference 1n measurement 
results can be utilized to directly control the nature and the magnitude 
of the step that 1s taken in order to counteract the deformation of 
the discharge gap. Still another obtained advantage is that the 
5 application of the invention operates Independently of the specific size 
setting of the slice opening at any given time. 

Some of the features and advantages of the invention having been stated, 
others will become apparent from the detailed description which follows 
10 with appropriate reference to the accompanying drawings in which: 

Figure 1 is a partial cross-sectional view of a headbox showing the lip 
portions of the apron beam member and roof member according to one 
embodiment of the Invention; 

Figure 2 is a partial cross-sectional view similar to Figure 1 showing 
the Hp portions of the apron beam member and roof member according to 
a second embodiment of the invention; 

20 Figure 3 shows a partial front elevational view of a headbox with ultra- 
sonic measuring devices mounted therein according to an embodiment of 
the Invention; and 

Figure 4 1s a more complete side cross-sectional view of the headbox 
25 of Figure 3, taken substantially along the line 4-4 in Figure 3, and 

showing the supporting frame included in the apron beam and roof members 
in the headbox. 

Figures 1 and 2 show schematically the nozzle of a headbox for the 
30 production of a single layer fiber web. The headbox comprises two opposed, 
substantially horizontal walls formed by a bottom wall la of a roof 
member 1 and a top wall 2a of an apron beam member 2. The roof member 
bottom wall and apron beam member top wall include portions which form 
an upper lip 3 and a lower lip 4, respectively, and these walls la and 
35 2a also define between them a space 5 that converges in the direction of 
the flow, and ends at the Hps 1n a stock discharge gap 6 in the form of 
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a slice opening. The roof member 1 or its upper Hp 3 is adjustable for 
setting the size of the slice opening 6. At the upper Hp 3 close to 
the stock discharge gap 6 there is mounted an ultrasonic transducer 
means 7, which is arranged to give a measurement result corresponding 
to the distance from the lower lip 4. The ultrasonic transducer means 
suitably is of the kind comprising a piezoelectric crystal and operates 
both as a transmitter and a receiver for ultrasound. The ultrasonic 
wave is reflected against the opposed Hp and 1s detected on return 
to the transducer. As a result, the travel time of the ulstrasonic 
wave is a measure of the two-way distance between the surfaces, and 
with knowledge of the sound velocity in the medium, which. knowledge 1s 
obtainable by means of a reference measurement, for example, the real 
distance between the Hps can be calculated, if desired. In order to 
transform a signal of an ultrasonic transducer into an absolute dis- 
tance, 1t is necessary to know the velocity of the ultrasonic wave in 
the medium, i.e. the stock. The temperature of the stock varies and 
consequently also the sound velocity in the stock. For this purpose, 
a reference measurement under the same conditions 1s required and can 
be arranged. Such a measurement 1s the subject of Applicant's Swedish 
patent No. 8107155-7, publication No. 428,809. However, in accordance 
with the present invention, knowledge of the absolute distance between 
the Hp members is not required. Instead, the difference between two 
measurement results obtained at two separate locations along the 
discharge gap is measured. As a result, one measurement will constitute 
a reference for the other one, but the errors, which usually may arise 
when measuring on a separate reference element, will be eliminated by 
this method of determining the difference. The ultrasonic transducer 
is connected by means of a coaxial cable 8 to a control means such as 
a conventional electronic measuring unit designed for use with ultrasonic 
transducers. 

Rather than being mounted in the roof member 1 as shown in Figure 1, 
the ultrasonic transducer may be alternatively mounted in the apron beam 
member 2 1f this design is more suitable. As shown in Figure 2, in 
accordance with another embodiment of the invention, the ultrasonic 
transducer may be provided with separate transmitter and receiver 
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functions. As shown In Figure 2, a transmitter crystal 9 Is mounted In 
the roof member 1 and a receiver crystal 10 1s placed just opposite the 
transmitter 9 1n the apron beam member 2. The ultrasonic wave then will 
pass a one-way distance and directly indicate a measurement result 
5 corresponding to the distance between the Hps. 

The invention may also be applied to a multi-layer stock headbox where 
one or more partitions in the converging space separate two or more 
stocks from each other before they reach the forming fabric of the 
10 machine. These partitions may block a measurement of the distance between 
the lips, but this problem is solved by providing the partitions with 
holes in the direction of travel of the ultrasonic wave. 

The number of ultrasonic transducers required must be at least two 

15 according to the invention in order to measure a difference corresponding 
to any existing deformation, and they also have to be placed at different 
locations along the length of the stock discharge gap. As shown in Figure 
3, the stock discharge gap 6 is defined by the upper lip portion 3 of the 
roof member, the lower lip portion 4 of the apron beam member and opposing 

20 side walls 23 and 24. Ultrasonic transducers 20, 21 and 22 are connected 
through suitable cables to a control means in the form of an electronic 
measuring unit 25. If, as shown in Figure 3, one transducer 20 is located 
close to the one side wall 23 of the discharge gap and another transducer 
21 is located at approximately the middle of the discharge gap, a 

25 measurement result is obtained that should correspond to a maximum 

instantaneous deformation If 1t is assumed that a symmetric design also 
gives a symmetric deformation. If the user wants to take into consideration 
the possibility of the discharge gap not being perfectly rectangular, a 
third transducer 22 may be located close to the other side wall 24 at 

30 the same distance from that wall as the first transducer 20 is placed 
from its side wall 23 of the discharge gap. Then the measuring unit 25 
may first determine the mean value of the measurement results from the 
transducers 20, 22 at the side walls and then obtain the difference 
between the mean value and the measurement result obtained by the 

35 transducer 21 in the middle. It is possible to take a further step to 
ensure accuracy in determining the extent of the deformation, which 
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1s of Interest if it is possible that the deformation will not be sym- 
metric 1n relation to the vertical symmetry axis of the discharge gap. 
A plurality of transducers are then inserted between the two outermost 
transducers, and the measuring unit 1s designed to determine the 
5 difference 1n turn between the measurement results of every one of 
these transducers and the mean value for the measurements obtained at 
the two outer transducers. 

Preferably the transducers should also be placed at equal distances from 
10 the stock discharge gap, but if that is impossible, a correction for the 
convergence of the slice chamber may be included, e.g. in the program 
of the measuring unit 25 or in the program of a process computer or in 
any other suitable way for determining the magnitude of the difference. 

15 During operation of the headbox, the stock discharge gap may be deformed 
in such a way that the gap is larger in the middle of the opening than 
at the ends. This will result in a paper web having a higher basis weight 
in its center than at its edges. The reason for such a deformation may 
be that a high pressure in the stock has a distending effect on the lips. 

20 The measured difference may in such a case be called positive, for example, 
as the measurement result measured by the central transducer is reduced 
by the measurement result obtained by the transducer at the side wall. 
If, however, the pressure of the stock is not of such a magnitude that a 
bulging in the middle of the gap is obtained, the case may instead be 

25 that the high temperature of the stock, often 50 - 60° C, first heats 
the inwardly facing portion of the lips, which then distend in relation 
to the opposite sides of the Hps or in relation to a framework support- 
ing the roof memberorthe apron beam member, and such a development may 
lead the lips to bulge towards each other. In this case a negative dif- 

30 ference will be obtained when making the above calculations. The 
electronic measuring unit 25 can be designed to distinguish the type 
of difference (whether positive or negative) and to transmit different 
signals therefor to effect different corrective steps for reducing the 
deformation. 

35 

The electronic processing of the measurement results and the continued 
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treatment thereof may be carried out in a number of ways In accordance 
with known techniques. The outputs of the measuring unit 25 can provide 
control signals that grade the magnitudes of the measured differences 
and that also distinguish between a positive and a negative difference. 
These outputs are connected to temperature adjusting means, which in 
turn carry out the corrective steps needed for counteracting the 
deformation. 



In the event that a positive difference is measured, i.e., when the Hp 
members bulge outwards so that the gap becomes larger at the center of 
the slice opening than at the ends thereof, it is suitable to carry out 
a cooling of the lip members or of the apron beam member or the roof 
member closest to the stock. In this way, the temperature raising effect 
of the stock is counteracted. In case a negative difference is measured, 
the deformation may be reduced or counteracted by heating the portion of 
the apron beam member or the roof member that are situated farther away 
from the slice opening. The media for the cooling or the heating are 
suitably conducted through conduits in or externally of the lip portions, 
the apron beam member, or the roof member. In some cases a combination 
including heating of a portion of the roof member or the apron beam 
member as well as cooling of another portion may be the most suitable 
step. 



Figure 4 further illustrates how deformation counteracting steps may be 
applied in a headbox. As illustrated, the roof member 1 includes a 
supporting frame generally indicated at 30, to which a force trans- 
mitting device 31 is connected for setting the size of the slice opening 
6. The frame 30 forms a closed space 32 along the entire width of the 
upper lip. In this embodiment of the invention a port 36 communicates 
with this space 32 for circulating a heating or cooling medium through 
the space. If the temperature of a heating medium is kept at the same 
level as the temperature of the stock, a deformation of the upper lip 
portion of the roof member 1 caused by the stock temperature is reduced 
or eliminated. The temperature of the heating medium may be controlled 
automatically by means of cartridge type heaters, for example. In this 
embodiment, the lower lip 4 extends from an apron plate 33 which, 
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together with a supporting frame 34, comprise the apron beam member. At 
the bottom of this frame there are located tubes 35. in this case for 
a heating medium. Alternatively, it 1s possible, if desired, to dispense 
with the tubes 35 and Instead use the entire space defined by the frame 
5 34 where the tubes are located as a flow conduit similar to the conduit 
32 in the roof member. The heating medium is to produce an elongation 
of the lower portion of the frame to the same magnitude as the elongation 
of the apron plate 33 and the lower lip 4. Circulation of the fluid is 
controlled by actuation of valves 28, 29 which are responsive to the 
10 measuring unit 25. 



A gas or a liquid can be used as the cooling medium. Refrigerants may be 
used, but air or cold water may be the simplest fluids to employ, the 
latter being the most efficient one of the two. As a heating medium 
15 hot water or steam may be the most suitable media, but other gases or 
liquids may be suitably employed. Also the use of so-called Peltier 
elements is possible as is heating by means of electric resistance 
elements. 

20 The control signal or pulse from the electronic measuring unit 25 may 
In a known manner be utilized to invoke the heating or cooling steps 
required for counteracting the deformation, for example, by opening 
valves 28, 29 for circulating a heating or a cooling fluid, respectively 
If the heating or the cooling is to be proportional against the magnitude 

25 of the deformation, i.e. the magnitude of the difference, this can be 
arranged, e.g. by a step-wise or a continuous control of a feed pump 
for the cooling or the heating medium, if it is a liquid, or by a 
controlling fan or a compressor, if the medium is a gas, or by controlling 
flow restrictions, such as throttle valves or in some other known way. 

The invention 1s not limited to the preferred embodiment described 
above and Illustrated 1n the drawings, but can be varied within the 
scope of the claims. 
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Claims: 

1. A method for detecting and counteracting deformation of a stock 
discharge gap (6) defined between an apron beam member (2) and a 
cooperating roof member (1) 1n the headbox of a paper machine, 
characterised by: 

(a) ultrasonically measuring the stock discharge gap (6) 
between the apron beam member (2) and the roof member (1) 
at at least two locations (at 20, 21) along the length of 
the stock discharge gap (6); 

(b) obtaining the difference between the measurement results 
for at least two locations (at 20, 21) along the length 
of the stock discharge gap (6); and 

(c) adjusting the temperature of at least one of said apron 
beam member (2) and roof member (1) in response to the 
obtained difference in measurement results so as to reduce 
the magnitude of any deformation in the stock discharge 
gap (6). 

2. A method according to Claim 1, characterised In that the step (a) 
of ultrasonically measuring comprises ultrasonically measuring the 
gap at a first location (at 21) medially of the length of the stock 
discharge gap (6) and at a second location (at 20) adjacent one 

end of the stock discharge gap (6). 

3. A method according to Claim 2, further comprising measuring the 
gap (6) at a third location (at 22) adjacent the opposite end of the 
discharge gap (6) from said second location (at 20) and obtaining a 
mean value from the measurement results at said second and third 
locations, and wherein said step of obtaining the difference between 
the measurement results comprises obtaining the difference between 

said mean value and the measurement results at said first location (at 21). 
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4. A method according to any one of Claims 1-3, characterised 1n that 
the step (b) of adjusting the temperature comprises circulating a heat 
transfer fluid in heat transferring relation to at least one of said 
apron beam member (2) or roof member (1). 

5 

5. A method according to any one of Claims 1-4, characterised in that 
the step (c) of obtaining the difference further comprises producing a 
control signal which 1s functionally related to the difference between 
the measurement results and wherein the step of adjusting the temperature 

10 ' 1s in response to the said control signal. 



6. A method according to any one of Claims 1-5, wherein the apron beam 
member (2) has an underlying supporting frame (34) and the cooperating 
roof member (1) has an overlying supporting frame (30), characterised by 

15 adjusting the temperature of at least one of said supporting frames 
(30, 34) 1n response to the obtained difference in measurement results 
so as to reduce the magnitude of any deformation in the stock discharge 
gap (6). 

7. An apparatus for detecting and counteracting deformation of a stock 
discharge gap (6) in the headbox of a paper machine, said headbox having 
stock delivery means including an apron beam member (2) and a roof member 
(1) positioned in spaced-apart relation and cooperating to define a 
stock discharge gap (6) therebetween, said apparatus being characterised 
by: 

(a) at least two ultrasonic transducer means (7; 9, 10; 20-22) mounted 
in said members (1, 2) at different locations along the length 
of the stock discharge gap (6), each being positioned for 
30 transmitting ultrasonic pulses to the oppositely positioned 

member (2, 1) and to thereby measure the stock discharge gap 
(6) at such location; 



(b) control means (25) connected to each of said transducer means 
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(7; 9, 10; 20-22) and operable for obtaining the difference 
between the measurement results for at least two locations 
along the length of the stock discharge gap (6); and 

(c) temperature adjusting means (28, 29) operatively connected 
to said control means (25) and responsive to the obtained 
difference In measurement results for adjusting the temperature 
of at least one of said apron beam member (2) and roof member 
(1) so as to reduce the magnitude of any deformation in the 
stock discharge gap (6). 

8. An apparatus according to Claim 7, characterised in that said 
ultrasonic transducer means (20, 21) are mounted at a first location 
(at 21) medially of the length of the stock discharge gap (6) and at a 
second location (at 20) adjacent one end of the stock discharge gap (6). 

9. An apparatus according to Claim 8, characterised by further comprising 
ultrasonic transducer means (22) mounted at a third location adjacent 

the opposite end of the discharge gap (6) from said second transducer 
means (20) and wherein said control means (25) is operable for obtaining 
a mean value from the measurement results at said second and third 
locations (at 20 and 22, respectively), and for obtaining the difference 
between said mean value and the measurement results at said first 
location (at 21). 



10. An apparatus according to any one of Claims 7-9, characterised in 
that said temperature adjusting means (28, 29) comprises means (28, 29) 
for circulating a heat transfer fluid in heat transferring relation 

to said apron beam member (2) and to said roof member (1). 

11. An apparatus according to any one of Claims 7-10, characterised in 
that said control means (25) includes means operable for producing a 
control signal which is functionally related to the difference between 
the measurement results and wherein said temperature adjusting means 
(28, 29) is responsive to said control signal. 
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12. An apparatus according to any one of Claims 7-11, wherein the apron 
beam member (2) has an underlying supporting frame (34) and the roof 
member (1) has an overlying supporting frame (30), characterised in 
that the temperature adjusting means (28, 29, 32, 35) are responsive 
5 to the obtained difference in measurement results for adjusting the 
temperature of at least one of said supporting frames (30, 34) so as 
to reduce the magnitude of any deformation in the stock discharge gap 
(6). 



10 13. An apparatus according to Claim 12, characterised in that at least 
one of said supporting frames (30, 34) includes means defining a fluid 
passageway (32 and 35, respectively) therethrough, and said temperature 
adjusting means (28, 29) comprises means for circulating a heat transfer 
fluid through said fluid passageway. 
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